Managers, scientists, fishermen and farmers who work with freshwater crayfish understand clearly the severe affects that the introduction of an exotic pathogen can have on freshwater crayfish populations. This acute awareness is due to the severe impact on native European freshwater crayfish of the introduction of crayfish plague fungus Aphanomyces astaci. This issue has been thoroughly covered in previous reviews. The potential impact of other pathogens on European freshwater crayfish has not been addressed. This paper presents a hazard analysis of pathogens of freshwater crayfish exotic to Europe, which is the first step of import risk analysis.
INTRODUCTION
The introduction of the crayfish plague fungus Aphanomyces astaci into Europe with American freshwater crayfish species is perhaps the most commonly quoted case of exotic disease incursion in the field of aquatic animal pathobiology. This is due to the very major impact that this pathogen has had on the native European freshwater crayfish species. The spread and effects of A. astaci in European crayfish populations has been comprehensively studied and there are many excellent reviews on the subject (ALDERMAN, 1986 is one example).
Whilst the crayfish plague incursion has done much to emphasise the importance of biosecurity and the impact that exotic disease can have on native populations, the severity of crayfish plague has skewed research effort in the field of crayfish pathology. Consequently, other areas of research have not received the attention that experiences with other animals would suggest they deserve. Moreover, as many diagnosticians and researchers have concentrated on detecting A. astaci, fundamental diagnostic techniques such as histopathology and bacteriology have been under-utilised (EDGERTON, 2000) . It is for this reason, perhaps, that infections in freshwater crayfish by viruses and rickettsialike organisms (RLO) were not reported until quite recently. These pathogens frequently cause severe disease in captive and/or cultured crustaceans, and have been reported as the cause of mortality of Australian freshwater crayfish species in semi-intensive aquaculture (OWENS et al., 1992; KETTERER et al., 1992; EDGERTON et al., 1995; JONES and LAWRENCE, 2001) . Of particular relevance to this paper, the first description of a natural viral infection in an European freshwater crayfish was published less than ten years ago (EDGERTON et al., 1996) , and infections by RLOs have not yet been reported. It is therefore appropriate to conclude that our current knowledge of diseases of freshwater crayfish is poor relative to many other aquatic animals, and this is especially true for wild populations of freshwater crayfish.
In the companion article (EDGERTON, 2002) to this one, the process of import risk analysis was reviewed with emphasis on freshwater crayfish. The first step in import risk analysis is hazard analysis, and following is a brief hazard analysis for freshwater crayfish importation into Europe. Interested parties would be well advised to view the policy documents developed by Agriculture, Fisheries and Forestry -Australia (AFFA) for an IRA on freshwater crayfish which was in process at the time of writing (www.affa.gov.au). A synopsis of diseases of freshwater crayfish , which was produced as a resource document for the AFFA freshwater crayfish IRA, should also be consulted.
VIRUSES
Viruses have caused major losses in farmed crustacean populations around the world (LIGHTNER, 1996) . Viruses were unknown in freshwater crayfish until the 1990s, but many viruses have been discovered in freshwater crayfish in the last decade (EDGERTON, 1999) . Some of the crayfish viruses have been associated with chronic or epizootic mortality in the species in which they were described (EDGERTON et al., 1995; JONES and LAWRENCE, 2001 ). However, none of the viruses reported to infect natural populations of freshwater crayfish have been associated with widespread epizootic mortality. There have been no studies on these viruses to determine their potential host range even among species in the same genera. Therefore, it is essentially impossible with the currently available data to determine whether these viruses would cause a significant effect on European freshwater crayfish if introduced.
White spot syndrome virus (WSSV) is perhaps the most devastating of all crustacean viruses. WSSV has a very wide host range and has infected almost all decapods that have been experimentally exposed to it (AQIS, 2000; CORBEL et al., 2001 ).
Transmission trials with freshwater crayfish show that they are highly susceptible to infection by WSSV and they typically experience rapid mortality soon after exposure ( Figure 1 ). Thorough comparisons to other crustaceans of their susceptibility to WSSV are impossible as there are no permanent crustacean cell lines to titrate the number of infectious particles to which the animals were exposed. However, qualitative indications from these trials suggest that their susceptibility to white spot disease (WSD) varies between species of freshwater crayfish, and that, generally, they are marginally less susceptible to WSD than are prawns (RICHMAN et al., 1997; CORBEL et al., 2001) . To this point, Astacus leptodactylus is the only native European freshwater crayfish species for which there is published data on its susceptibility to WSSV (CORBEL et al., 2001 ). Though WSSV has been associated with panzootics in prawn aquaculture, there are no reports associating WSSV with epizootics in wild crustaceans even though WSSV is known to occur at a high prevalence in wild prawns in regions where WSSV was panzootic in aquaculture. WSD is listed by the OIE as a Notifiable Disease (OIE, 2001) . In fact WSD is the only OIE listed disease to which freshwater crayfish are susceptible which is exotic to Europe. WSSV may cause serious losses if it were established in freshwater crayfish populations in Europe. Bull. Fr. Pêche Piscic. (2002) 
A. leptodactylus (I) A. leptodactylus (F) O. limosus (I) P. clarkii (F)

BACTERIA
A variety of Gram positive and Gram negative bacteria inhabit the external exoskeleton, gut and frequently the haemolymph of freshwater crayfish (THUNE, 1994; EVANS and EDGERTON, 2002; EDGERTON et al., 2002) . Bacteria are usually considered to be secondary or opportunistic pathogens of freshwater crayfish . Some species of bacteria are known to be pathogens of stressed freshwater crayfish. For example, Vibrio mimicus has been associated with mortality in highly stressed freshwater crayfish in USA (THUNE et al., 1991) and Australia (EAVES and KETTERER, 1994) . Based on published data, there is no reported exotic Gram negative or Gram-positive bacterium which obviously represents a serious threat to European freshwater crayfish.
At least two prokaryotic rickettsia-like organisms have been reported to infected freshwater crayfish (KETTERER et al., 1992; OWENS et al., 1992; JIMÉNEZ and ROMERO, 1997; EDGERTON and PRIOR, 1999) . One of the RLOs is known to cause serious disease in Cherax quadricarinatus in farms. There are no data on the potential host ranges of these RLOs, and they may or may not represent a significant risk to exposed native European freshwater crayfish.
FUNGI
With the exception of A. astaci which is already widespread in Europe, fungi are typically considered to be secondary or opportunistic pathogens of freshwater crayfish (AQIS, 1999). Nonetheless, several Fusarium spp. and Saprolegnia parasitica have been associated with disease in freshwater crayfish, most frequently in Europe (ALDERMAN and POLGLASE, 1985; VEY, 1987a, b, 1988; ALDERMAN and POLGLASE, 1988; DIÉGUEZ-URIBEONDO et al., 1994) . There are no reported exotic fungi which represent an obvious and serious threat to European freshwater crayfish.
PROTOZOANS
Microsporidians are frequently considered to be important pathogens of freshwater crayfish (ALDERMAN and POLGLASE, 1988; EDGERTON et al., 2002) . This may be a result of the ease with which they can be detected in crayfish populations due to the very obvious clinical sign of whitening of the musculature. The taxonomy of microsporidians is unclear. Consequently, the geographic distributions of species are also unclear. It is likely that there are freshwater crayfish-infecting microsporidians which are exotic to Europe and these may represent a significant risk if introduced.
Many other protozoans have been reported as potential pathogens or commensals of freshwater crayfish (ALDERMAN and POLGLASE, 1988; EVANS and EDGERTON, 2002; EDGERTON et al., 2002) . The potential pathogens are typically opportunistic. Besides microsporidians, no exotic protozoans present an obvious significant risk to European freshwater crayfish if introduced.
DRIPS CLADE
The taxonomic significance of the morphotypes of Psorospermium is unclear. However, there are morphotypes which are considered to be exotic to Europe (HENTTONEN et al., 1994; VOGT, 1999; EVANS and EDGERTON, 2002) . Given that Psorospermium has been associated with disease in farmed freshwater crayfish (SÖDERHÄLL, 1988; EDGERTON et al., 1995) , exotic Psorospermium morphotypes or species may represent a significant risk to European freshwater crayfish if introduced. Bull. Fr. Pêche Piscic. (2002) 367 : 813-820 
METAZOANS
A multitude of metazoans are commensals or parasites of freshwater crayfish (ALDERMAN and POLGLASE, 1988; EVANS and EDGERTON, 2002; EDGERTON et al., 2002) . None of these are considered to be significant pathogens of the freshwater crayfish hosts from which they were described, and therefore present an obvious significant risk to European freshwater crayfish if introduced. However, concerns have been expressed about the potential loss of biodiversity caused by co-translocation of competitor metazoan commensals with freshwater crayfish (MITCHELL and KOCK, 1988; AVENANT-OLDEWAGE, 1993; XYLANDER, 1997; QUAGLIO et al., 1999) .
CONCLUDING REMARKS ON THE ASSESSMENT OF POTENTIAL HAZARDS TO EUROPEAN FRESHWATER CRAYFISH
The confidence that can be placed in the outcome of an IRA for freshwater crayfish is severely curtailed by a paucity of data on their pathogenic fauna; this paucity of data also presents some practical difficulties in writing the IRA. There is very little published data on the overall types and occurrence of pathogens in freshwater crayfish in Europe and elsewhere. This information is vital if a high level of confidence is to be placed in the outcome of the IRA, as the analyst must consider both the occurrence of pathogens in the importing country or region as well as in the exporting country. This information must be gathered by health surveys utilising diagnostic techniques appropriate for detecting a wide range of pathogens, and the most important technique is histopathology. Histopathology must also be utilised when investigating the cause of mortality in freshwater crayfish populations. If other more specific diagnostic techniques are utilised, such as bacterial or fungal cultures, many pathogens such as viruses, rickettsiae, protozoans and others will not be detected.
Many pathogens of freshwater have simply been reported with basic descriptions of their morphology and few studies have been conducted on their relationships with other described pathogens. This in turn has resulted in confusion over the geographic range of many freshwater crayfish pathogens. The following are just a few important examples which have all been reported from several continents -the microsporidians and most importantly Thelohania contejeani, Psorospermium spp. and the intranuclear bacilliform viruses. Moreover, there is extremely limited data on host range and the modes of transmission for most pathogens of freshwater crayfish. Clearly these data are paramount for IRA.
The levels of risk posed by most individual pathogens of freshwater crayfish are difficult, if not impossible, to accurately assess with the currently available data. Such an analysis is beyond the scope of this paper. Nonetheless, there are several general points that can be made here in relation to levels of risk and risk management. If a pathogen occurs in an area/population, then the importation of live animals does represent a greater risk than does importation of dead animals. This is due to the potential for the animal to escape and live in the natural environment and continually or periodically shed that pathogen. This is dependant on the suitability of the environment for the imported species. It is unlikely that a freshwater crayfish species native to the tropics would survive for long in the wild in Scandinavia, or for the opposite to occur. In these cases, the risk may be considered to be similar to importing dead animals except that there is an additional exposure pathway to consider -that the animal is perhaps capable of escaping into the wild even though it would die soon thereafter. In relation to the risks associated with importing dead freshwater crayfish, most pathogens within tissues or on external surfaces will be destroyed by chilling, freezing and/or cooking.
Risk management options for importing live freshwater crayfish include surveillance programs for disease in conjunction with zoning policies so that animals could only be imported into a country or zone free of a pathogen from another country or zone also free of that pathogen. Importantly, freshwater crayfish breed readily in captivity, and moreover, eggs in early stages of development may be removed from brooding females and hatched separately from the mother. Few pathogens of freshwater crayfish are likely to be transmitted within the egg. Therefore, juveniles produced in this manner are likely to be infected by few or no pathogens when done in conjunction with good hygiene controls such as disinfection of the surface of the eggs and incubation in clean water. Specific pathogenfree crayfish have been produced by this method (EDGERTON and OWENS, 1997) and it is likely to be a very effective and, therefore, valuable risk management measure.
